
l’rcliminary  Plans  for h Close  lhcounler

with 253 Mathildc

by

R. G. Williams, C. 1.. Hclfrich, J. K. Miller, W. M. Owen, 11. J. Schccrxx,  1>. K, Ycomans,

Jet Propulsion 1.aboramry, California lm(i(ulc of ‘1’diidogy, 4800 Oak Grove Dr., Pasadcaa,  CA 91109

an(i

11. W. l>unham,  R. W. ]iarqubar,  (i, 1.. IIcylcr, J, V. McAciams, S. 1.. Murchic,

I’hc J ohm }Iopkins LJnivcrsity,  Ap])lic.d Physics 1 abm story, JolMF+ 1 lopkins  Road, 1.aurd,  Ml)  2072.3

and

A. l}. llarci~

Ccntu  f(w Radiophysks  and Space l<c.scxuch,  Cornell Llnivcrsity, Ithaca, NY 14853

NASA’s Near l~ar[h Asteroid Rcncicnmus  (NJiAi{) mission is J~lmr]ing  a dose fly-by of the
asteroid 253 Mathikic  in June 1997. ‘1’hc astcroi(i 253 MathiMc  appears to be a distinct ami
interesting bwiy wor[hy  of further invcstigatim, llnlike tbc asteroids <;aspcxa  mi Ida recently
cxplorui by Galileo spacccrxft  fl y-bys, Mat hi kic is a C-class spe~t tal object  ard  it has a lar~:er
diameter of about 60 km. Also, unlike those astcroi[is it has a very slow mtatim  perioci  of
almost a month. ‘1’hc. plan is to navigate the N] lAR spacecraft to within 12(N km of the ccntc,r
of Matbilcic using a combination of NASA’s Ik.p Space Network (IJSN) miio metric tracking
atxi on txxir(i  optical imaging. ‘J’l~c]>la]~]~c(is  c(]~lc.]lcc(Jf  spacecraft activities will result in high
rcs()lL]tioll,l ]lt]]ti-s]Jcctl 'alil]lagc,r(  h4S])il]lagc.s{)f Mathi](ic.  llladC thLINl@(Nlt  thC appIOaCh  all(i
cicparlure. lrlti(l(iili(}]~,  t}~c~~avigatio]~  tr:ickir~g  will bcusc(i  tocstimateMat  hilcicUs mass. “J’hc
masscstimatcsh (mlcibc  accuratctoab(mt  tcnpc.rcc.nt,

“J’he fly-by is not the primary goal of the mission, but instead it is a target of
(J]~]>()l[ll~~ity  o]~ti]ct  rajcct()]"yt  aki[]gtl]chlJ;  Al< spacecraft to its ultimate goa] in 1999, wbicb  is
Iorerl(iczvous with and then orbit the asteroid ILros. !lIcncc, the. planr~ing for the Mathikic
cncourucrassmcs  thclr~jcctmy arxi approach corxiitions arc corlstrtiincci,  to some rxtcnt, by
tbcowmll  mission goals mrcach  liros. ‘1’his means that the cncountcr  ciatc  anti  the resulting
approach gcomc.try  are cictcrminc. ci by optimizinfj the complete trajectory to ]W~s. A1s(J, the
p]anned  spacecraft sc.qucncc  must not cIKiflTlgcr’ the spacecraft or itS instruments. ‘J’hc Icslllt iS
ar] approach phase angle of over 120 dcgrcm that is not ideal for first detection with optical
navigation since the astemiti  will appear  as a thin crescent up to the last hours before closest
approach.

‘J’hc (icsigrl parameter’s for al] the. approach tI’aJCCt(Wy  C(XICCti(Nl  JnaIlcuvcJ’s  (’J’~Ms) arc
the irnptic[  Jiarlc (or }1-p]arlc) c(m(iitions of tl)c astcroi(i ~ivcm it) a target rclalivc  comiiilatc
system. ‘J’lm II-plane, sh(JwJI  in l;igurc 1 for the N] {AR flyby of astcmi(i  253 Mathildc,  is a
plane passing ti)rough the. ccntcr  of the. targ,ct  bo(iy and perpendicular to the incoming
asymptote, S, of tllc bypcrbd  ic flyby t rajcctory. Comiinatcs  in tbc plane arc given in the R



#
.,

.

aId ‘1’ directions, with ‘J’ being IXIM1l CI to the. I l:irlh Mcm 1 kli])[ic  ])lanc of 2000. ‘1’hc angle,
(hcla [Ictcnllincs  the muiti(m of ttm sc.mi-n~:{jor  :ixis  of the cnm ellipse in the. B-plane dative-to
the ‘l’-axis and is mcasumd positive rig,ht-han(lc(l  :tbout S.

[1 plarw  uncertainty ell(psc

R D Plane

l~igurc 1. l)cfinilion  o f  the  }~-plane

‘1’his p:i}~cl”  givr.s rcs(]lts of the ]nission design And navigation tra(ic studies ut)dcrlakcn
to pltin a navigation scxwwio  of twgcting mane.uwxs dud optical navigation images during the
htst fcw (iays bcfmc. closest ap]mmh  that will dc.live.r the spacccwift  to a point in the B-plfitm to
sufficient ficcuutcy  so that the MS] pointing, scqucncc during the c]oscst  approach will image
Mathikic  and MM empty space. Additional itlfonnat  ion about the. scqucncc  of spacccmft
pointing and MS] opcrfition  pltinmd as a ]CSU1[ of the, navigation timclinc and its dated
delivery unum ai nt ie.s will bc provided.

Using mcasurcci MS] pcrfomanm and pnxiictd  visibility of Mathildc,  the flt st
detection may not occur until  less than two days bcf(m the closest approach.  IIcfmc this fil st
cic.tcction,  the spaccmtft trajectory is Ifitgc.td by a Impulsive, mmmvcr to fly by the location of
Mathildc  pdictcd  by its gmund-based cphcmcl is. Pmliminmy  analysis indicates the ILplanc
t arg,ct  unm’laint  y cl lipsc for a m :tncuvcr pcrfom  cd 15 days bcfom closest  approach has scm i-
m[ijor  axis of 205 kln (1 sigma) am] sclni-minol  ttxis of 137 km (1 sigma) with a lincwimd
Iimc of flight (1 .“1’1’) unccr[ainty of 18.9 seconds. Aftm optictil navigation images have been
obtained and proccxscd,  a m;incuvm at twc]vc hours bcfmc closest approach should rcsu][ in fit]
CINM ellipse of 26 km by 26.3 km (1 sigma) witl) 1,’1’JJ  of 21.5 s. ‘Jlmc  B-plane mm dlipscs
ad 1.’1’1 i cnor bars am shown in 1 ‘iguw ?.
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